Abstract Danger-associated molecular patterns (DAMPs) are activated by endogenous signals that originate from stressed, injured, or necrotic cells, signifying Bdanger^to the host. In this study, we evaluated the expression of the DAMP heat shock protein 70 (HSP70) in trauma patients with and without secondary infections. Levels of glucose (GLU), procalcitonin (PCT), total cholesterol (T-Chol), and white blood cell (WBC) counts were also evaluated at three time stages after trauma. Our analysis showed that the levels of serum HSP70 in patients with minor, moderate, and severe injuries were significantly higher than in healthy patients at each time point post-injury (P < 0.01), and levels of serum HSP70 in the severe injury group were significantly higher than in the minor injury group at 1-6 h after trauma (P = 0.047). HSP70 was correlated with GLU and was negatively correlated with T-Chol in the period 1-6 h after injury (P = 0.008/0.032). WBC and GLU were elevated after trauma, with mutual positive correlation (P < 0.001). PCT levels increased later than WBC counts and GLU levels; these levels were correlated at the two later time periods, 24-48 h and 60-90 h (P = 0.008/0.041). PCT continued to rise in patients with secondary infection, but PCT dropped at the third time period in patients without secondary infection. In summary, our results suggest that danger and stress theory can be used to predict severity of trauma.
Introduction
Trauma can be thought of as an acute disease caused by physical injury; most deaths due to trauma occur in the acute setting, with around 50 % of in-hospital deaths occurring within the first 72 h after injury (Masella et al. 2008) . The characteristics of trauma are tissue necrosis and cell death as a direct result of injury or due to a delayed inflammatory reaction, sepsis, and multiple organ dysfunction (MODS) (Larsen 2012) . Because of the complexity of the disease and the diversity of its complications, diagnosis of severity is relatively difficult.
In this study, we evaluated the immunologic response to trauma using danger-associated molecular patterns (DAMPs) theory (Hwang et al. 2011; Pradeu & Cooper 2012) . This theory suggests that the innate and the adaptive immune systems are activated by endogenous signals that originate from stressed, injured, or necrotic cells, signifying Bdanger^to the host (Di Virgilio 2005) . DAMPs are the initiators of immune response; however, the true mediators remain to be elucidated (Bianchi 2007) .
Matzinger and colleagues suggest that danger signals are in fact signals of Bstress^ (Gallucci et al. 1999 ). When cells suffered stress, even in the absence of any foreign substance, endogenous signals are released that activate antigen-producing cells to initiate an immune response. Although not all of these Bdamage^signals have been identified, heat shock proteins (HSPs) clearly served as DAMPs (Matzinger 1998; Asea et al. 2000a; Gallucci & Matzinger 2001; Wallin et al. 2002) . HSPs can activate APCs in the absence of foreign pathogens to trigger an innate immune response and can act as charperones to participate in the adaptive immune response (Osterloh & Breloer 2008) .
Studies have provided evidence that levels of the stress protein HSP70 are elevated in trauma patients (da Rocha et al. 2005) . Elevations in procalcitonin (PCT) serum levels are also observed after in major surgical procedures and trauma (Meisner M1 et al. 1998; Schneider et al. 2009 ). Glucose (GLU) and white blood cell (WBC) counts increase after trauma, and total cholesterol (T-Chol) decreases (Yendamuri S1 et al. 2003; Rovlias & Kotsou 2001; Dunham et al. 2003) .
No studies to date have correlated DAMPs with severity of injury or prognosis. An understanding of how these molecules are expressed would enable use as biomarkers for clinical diagnosis and treatment of trauma patients. Here, we investigated the concentration-time relationship of serum HSP70, PCT, T-Chol, and GLU and the WBC counts of trauma patients in the innate immune phase to evaluate the relationship between the levels of laboratory markers and the degree of the stress. We also sought to correlate these markers with clinical prognosis and treatment efficacy.
Materials and methods

Characteristics of patients
Fifty-six trauma patients from the HUNAN Second People's Hospital, Trauma Surgical Department, were recruited for this study. Exclusion criteria were arrival in the emergency department (ED) more than 6 h after injury or diabetes and liver, kidney, or cardiovascular diseases. Patients were excluded retrospectively if they declined to give consent to use the collected research samples. Thirty healthy adult volunteers who were not receiving any medication at the time of blood sampling were also recruited. There were no significant differences in age or gender among the patients and healthy adult volunteers (Table 1) .
Patient grouping
The degree of injury was assessed by doctors and researchers. Patients were divided into minor injury, moderate injury, and severe injury groups by Injury Severity Score (ISS) after admission to the ED. ISS ≤8 was minor injury, ISS 9-15 was moderate injury, and ISS ≥16 was severe (Table 2) . Thirtythree of the 56 patients were further divided into infected and non-infected groups according to microbiological evidence: 15 patients had confirmed infection and 18 were confirmed non-infected by clinical criteria (Table 3) . Of the cohort, 23 patients could not be confirmed as infected or non-infected and therefore were not included in the infection portion of the analysis.
Blood sample collection
Three 3-tubes blood samples were collected at each time point. To one tube was added EDTA-K 2 anti-freeze; this was used for the WBC count. The other two tubes were centrifuged at 1500×g for 10 min at room temperature; one was used for detection of GLU and T-Chol. The other sample was carefully removed from the blood collection tube and transferred into polypropylene tubes and immediately frozen (−80°C) for later analysis of PCT and HSP70. Samples were collected 1-6, 24-36, and 60-90 h after injury.
Blood cell count and biochemical analysis
The WBC count was performed using a Siemens ADVIA 2120 automatic blood analyzer. GLU and T-Chol analyses were performed using a Siemens ADVIA 1650. PCT was tested using a Roche Cobas e 411. HSP70 quantitative analysis was by an automatic enzyme immunoassay instrument Labsystems Multiskan MK3 with reagents from Adlitteram Diagnostic Laboratories. 
Results
Serum HSP70 levels in patients after trauma
Levels of serum HSP70 in patients divided by injury severity are plotted in Fig. 1 and given in Tables 4 and 5 . Levels of serum HSP70 of patients with all severities of injury at each of the three time stages were significantly higher than levels in the healthy group. Levels of serum HSP70 in the severe injure group were significantly higher than in the minor injury group at 1-6 h after trauma, and the degree of elevation was related to the severity of injury (Fig. 1a) . In both the 1-6-h period and the 24-48-h period, differences in HSP70 levels were significant when groups were compared (Table 5) . Levels of HSP70 in infection and non-infection groups were significantly higher than in the healthy group in each of the three time periods. During the third time period (60-90 h after trauma), serum HSP70 in the infection group was significantly higher than in the non-infection group (Fig. 1b and Table 6 ).
WBC, GLU, and T-Chol of patients after trauma
Data on WBC counts and GLU and T-Chol levels in patients divided by injury severity are plotted in Fig 2a, b, c . At 1-6 h after trauma, GLU levels and WBC counts in the three injured groups were significantly higher than in healthy group. At 24-48 h after trauma, WBC counts in the three injured groups were significantly higher than in the healthy group, and GLU levels were higher in the moderate injury and severe injury patient groups than in healthy group. WBC counts and GLU levels Fig. 2 a WBC counts, b GLU levels, and c T-Chol levels of minor injury group (n = 17), moderate injury group (n = 22), and severe injury group (n = 17) over time compared with healthy control group (n = 30). d WBC counts, e levels of GLU, and f levels of T-Chol of infection group (n = 15), non-infection group (n = 18), and controls (n = 30) over time decreased over time but increased with the severity of the injury. The T-Chol levels in the minor injury group were not statistically different from levels in healthy volunteers at any time point, but levels in the moderate injury and severe injury patient groups were significantly lower than in healthy group at 24-28 and 60-90 h after trauma. At 1-6 h after trauma, WBC counts and GLU levels in the infection and the non-infection groups were significantly higher than in healthy group (Table 6 and  Table 7 ). At 24-48 h after trauma, WBC counts in the infection and the non-infection groups were significantly higher than in healthy group. GLU levels were higher in the infection group than in healthy group but were similar in the non-infection group and in the healthy controls. TChol levels in the infection and the non-infection groups were significantly lower than in healthy group at 24-36 and at 60-90 h after trauma. In both groups, WBC and GLU decreased significantly decrease with the passage of time. At both 24-48 and 60-90 h, WBC counts in the infection group were significantly higher than in noninfection group.
Serum PCT of patients after trauma
Levels of serum PCT in three injury groups significantly higher than in healthy control groups in the second time period (24-48 h after trauma) and in the third time period (60-90 h after trauma) are plotted in Fig. 3a . Differences were significant among groups divided on the basis of injury severity as Table 4 showed.
Levels of serum PCT in the infection and non-infection groups were also significantly higher than in the healthy group at 24-48 h after trauma and at 60-90 h after trauma (Fig 3b) . There were also differences over time. Especially at 60-90 h, levels of serum PCT in the infection group were significantly higher than in the non-infection group (Table 6 and Table 7) .
Correlation analysis
When all injury patients were considered, at 1-6 h after trauma, HSP70 and GLU were positively correlated, and HSP70 and T-Chol were negatively correlated. GLU and WBC were also positively correlated. The correlation coefficients for correlations in the 1-6-h period are given in Table 8 . At 24-48 h after trauma, PCT was positively correlated with GLU and WBC count and GLU and WBC were positively correlated. The correlation coefficients for correlations in the 24-48-h period are given in Table 9 . At 60-90 h after trauma, PCT remained positively correlated with GLU and WBC and GLU and CHOL were negatively correlated. The correlation coefficients for correlations in the 60-90-h period are given in Table 10 .
Discussion
HSP70 is expressed at low or undetectable levels in plasma of unstressed, healthy individuals; it is produced under various stress conditions. HSP70 is released into the extracellular environment and binds to Toll-like receptors (TLR2 and TRL4) to trigger pro-inflammatory responses by upregulation of adhesion molecules, co-stimulatory molecules, and cytokine and chemokine secretion (Prohászka et al. 2002; Asea et al. 2000b) . BDanger theory^has significantly extended our understanding of these responses ( *Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed) (Seong & Matzinger 2004; Hirsiger et al. 2012) . In this study, the levels of serum HSP70 in trauma patients were elevated at 1-6 h after injury, and the magnitude of the increase was related to the severity of the injury. These findings suggest that HSP70 is produced as a danger signal to stimulate the immune systems of trauma patients (Hietbrink et al. 2006) . Our data indicate that HSP70 can serve as a marker of the degree of injury suffered by trauma patients and for prediction of secondary infection. HSP70 levels rose quickly, were of long duration, and were related to the severity of the injury. We observed that if HSP70 levels decreased in the period from 60 to 90 h post-injury, the patient had a better outcome than if levels did not decrease. An increase in HSP70 levels between the 24-48-h period and the 60-90-h period suggested infection (Fig. 4) .
WBCs are the earliest immune cells observed in the innate immune phase after trauma, and WBC counts increased over time post-injury. Serum GLU increase is protective, and levels were also related to the severity of the injury. WBC was positively correlated with GLU at 1-6 h after trauma indicating that the innate immune response is consistent with the neuroendocrine regulation. The levels of serum GLU were also positively correlated with serum HSP70. The levels of TChol in serum were reduced in patients compared to healthy controls. T-Chol levels are regulated by the hypothalamic pituitary adrenal axis, and T-Chol was negatively correlated with HSP70 at 1-6 h after trauma. GLU and T-Chol may be affected by treatments given injured patients, such as insulin and fat emulsion treatments. WBC increased after trauma, and then gradually decreased, but in patients with infection patients, WBC will rise again suggesting that trauma and infection result in the same immune response (Table 7) .
Researchers have compared PCT levels with other several markers of inflammation, such as C-reactive protein (CRP). PCT has a higher positive predictive value than CRP; thus, the clinical value of PCT appears to be promising (Koivula et al. 2011) . A growing body of evidence supports the use of PCT to improve the diagnosis of bacterial infections and to guide antibiotic therapy (Schuetz P1 et al. 2011) . Elevations in PCT levels are sometimes observed in the absence of a bacterial infection such as situations of massive cell death, for example, after major surgical procedures, trauma, pancreatitis, or renal impairment (Fritz HG1 et al. 2003; Rau BM1 et al. 2007 ). Our results indicated that PCT levels increased after injury, but PCT levels rose later than did levels of HSP70, GLU, and WBC. We observed that PCT levels were similar to those of healthy volunteers in the 1-6-h period but were higher at 24-48 h after trauma. PCT levels decreased from 60 to 90 h if there was no infection. This phenomenon explains the non-specific increases reported in the literature reports and indicates that PCT is also a stress protein produced by the immune system. That PCT continued to rise in cases of infection after injury illustrates that the infection is another stress stimulus. The delay in PCT increase is a mystery. A report in the literature shows that PCT rises with an early peak within 36 h (Kibe et al. 2011) ; this was consistent with our study. PCT was positively correlated with WBC and GLU at 24-48 h after trauma and also positively correlated at 60-90 h after trauma.
As acquisition of patient specimens in a trauma situation was very difficult, we could not observe the variation of each parameter on a more accurate time course after injury. Furthermore, we only measured parameters of the innate immunity system, not the acquired immune system, and did not perform a systematic study of the cytokine, receptors, and other factors known to be involved in the innate immune system. A further study will be required to consider these aspects.
In summary, levels of the danger signal HSP70 increased significantly after trauma, and the magnitude of the increase was related to the severity of the injury, Furthermore, HSP70 levels continued to rise in cases of infection. WBC, GLU, and T-Chol reflected the response of body to the trauma; PCT levels increased at later times than did HSP70, WBC, and GLU. This type of comprehensive analysis can assist clinical diagnosis and monitoring of trauma. Danger and stress theory can explain the occurrence and development of trauma disease through detection of serum HSP70 and other laboratory biomarkers.
